The influence of assay design and quantification system on assay performance was investigated by developing, optimizing, and comparing a time-resolvedimmunofluorometric assay (IFMA), an immunoenzymometric assay (IEMA), an immunoradiometiic assay (IRMA), and a competitive radioimmunoassay (RIA), all performedwith the same monoclonal antibodies (MCA) directed against human follicle-stimulatinghormone (hFSH). The lowest detection limit (2 ng/Lfor hFSH-l-3, corresponding to 2.5 miU of 1st International Reference Preparation of hFSH 78/549 per liter), the widest measuring range (2-160 000 ng/L), and the greatest signalto-noise ratio (13 000:1 at 160 000 ng/L) were obtained in the IFMA. For analysis of serum samples from 101 male (ages 2-91 years) and 99 female (ages 2-90 years) individuals at a singledilution, 100% of samples were within the measuring range of the IFMA, whereas only 87%, 55%, 32%, and 8% of the sera were for the IRMA, the IEMA evaluatedwith double-wavelength measurement, the con- 
. To compare the different most frequently used detection systems in two-site immunoassays, we set up a time-resolved fluoroimmunoassay (IFMA), an immunoenzymometric assay (IEMA), an immunoradiometric assay (IRMA), and a competitive RIA for hFSH, using identical MCA for each assay type. We optimized these immunoassays with respect to the solid phase, incubation conditions, and conjugate used and subsequently compared the performances of only the optimized immunoassays.
Materials and Methods Materials
MCA MCA against hFSH were produced as described previously (21) . Ascites-derived MCA were purified by salt precipitation and subsequently by HPLC with a hydroxylapatite column (Bio-Rad, Richmond, CA) according to the manufacturer's recommendations.
The two-site assays were set up to use as capture antibody a MCA specific for the n-subunit of hFSH (-MCA; code: INN-hFSH-60) and as detection antibody the MCA INN-hFSH-l17, which recognizes a compatible epitope on intact holo-hFSH but does not react with either of the free subunits (21). This latter antibody was conjugated to either I, horseradish peroxidase (HRPO, EC 1.11.1.7), or europium-chelate (Figure 1 ). In the competitive one-site RIA, INN-hFSH-117 was used (21 
Specimens.
From the routine laboratory of our institute, we took without conscious bias blood samples from 101 males (ages 2-91 years) and 99 females (ages 2-90 years) and stored their sera at -20 #{176}C until assayed. Thawed samples were diluted with an equal volume of the respective assay buffers and subsequently analyzed for hFSH content in duplicate. ILmol of tri-n-octylphosphine oxide, and 1 g of Triton X-i00 per liter) and let this react 5 mm on an orbit shaker (500 rpm). Time-resolved fluorescence was measured for is in a fluorometer (Arcus 1230; Wallac) (Figure 1) .
lmmunoassay Optimization
Prior to the present study, all incubation steps were optimized with respect to time, temperature, and antibody concentration. Additionally, various solid phases, assay buffers, and conjugational procedures were tested.
The optimized procedures were then compared with each other.
Statistical Data Analyses
Intra-and interassay variances of the IFMA were calculated. The sensitivity (detection limit) of the IFMA, IEMA,, IRMA, and RIA was defined as the least concentration of hFSH-I-3 (NIADDK) outside the 99.5% confidence limit of the zero standard (n = 5).
The hFSH serum values measured in the IFMA were correlated with those obtained in the commercially available Serozyme#{174}-IEMA (Serono Diagnostics, Coinsins, Switzerland) by linear regression.
Results

Assay characteristics.
Sensitivity, assay range, nonspecific binding, and the signal/noise ratio of IFMA, IRMA, IEMA, and the competitive RIA are shown in Table 1 . The best sensitivity-2 ng/L for hFSH-I-3 corresponding to 2.5 mIU of pituitary hFSH (1st International Reference Preparation 78/549) per liter-was obtained by the IFMA. Besides that, the IFMA had an assay working range from 2 to 160 000 ng/L, which was more than two orders of magnitude wider than that of cps, counts/s; cprn, counts/mm.
IEMA-2, double-wavelength measure-
any of the other immunoassays. The least satisfactory results were obtained in the competitive MCA-RIA as judged by the poor assay sensitivity (10 000 ng/L) and the relatively narrow measuring range (Table 1) .
IFM.4 parameters.
The within-assay
CVs for the hFSH-I-3 standard (n = 5) are shown in Figure 2 . The CVs for three pools of sera (n = 10) containing 90, 1000, and 8200 ng of hFSH per liter were 7%, 7%, and 6%, respectively; the corresponding between-assay variations (n = 10) were 9%, 8%, and 6%.
Mean analytical recovery values, as determined in duplicates of seven serum samples containing hFSH at 480 to 5400 ngfL to which we added 500 pg of the hFSH standard, were 101% (range 97-106%). Three serum samples containing hFSH at 18000, 6100, and 2700 ng/L were serially diluted fourfold (n = 5) in IFMA buffer and analyzed in duplicates. At all dilution steps, the measured hFSH values ranged between 90% and 110% (mean 99%) of the expected serum values.
Cross-reactivities of immunoafilnity-purifled standards for hLH, hTSH, and highly purified hCG were <0.001% (Figure 2) .
The sera of 50 individuals were simultaneously analyzed with the IFMA (y) and the Serozyme IEMA (x). Values were highly correlated: y = 1.217 + (1.102 ± 0.035)x (r = 0.977, P <0.0001; the slope term contains the standard error of the estimate).
Routine hFSH deter,nination.
We determined hFSH in the sera of 101 male and 99 female individuals, using the above-described IF'MA. In the males, the hFSH values rangedfrom32to ll000ng'L;inthefemales,from9to 32000 ng/L (Figure 3) . Thus, the hFSH concentrations ranged over more than three orders of magnitude. These favorable assay parameters appear to be primarily related to the characteristics of the europiuni.corjugated MCA but also to the fluorescence detection system (17).
With standard labeling procedures, -10-15 molecules of europium chelate but only 2-3 atoms of 'I and only 1 molecule of HRPO can be covalently linked to 1 molecule of MCA (17, 24-26). However, we were able to achieve a HRPO/MCA ratio of 2 to 3, which enabled us to establish an IEMA of greater sensitivity than the IRMA (Table 1) .
But, when we coupled six or more HRPO molecules per molecule of MCA, a number comparable with the number of labels in the europium-labeled MCA, the antigenbinding ability of the MCA was decreased, apparently because of the large molecular size of the enzyme (-44 kDa). In addition, such coijugates displayed high nonspecific binding (26). Alfthan (Figure 3) . Many other hormones, such as LH and hTSH, behave similiarly, which underlines the need for assays that cover a wide concentration range (11, 14) . This study suggests that such a wide range can be obtained only with the IFMA technique. Diluting sera at high hormone concentrations, which is particularly necessary for the IEMA, for which the upper assay limit is -500 ngfL, is time consuming and potentially prone to error. We suggest that the sensitivity and dynamic range of the IFMA make it the most advantagous immunometric assay currently available.
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